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Abstract

Background: To identify whether the risk of intracerebral hemorrhage is higher in patients with coronavirus disease
2019 (COVID-19), we compared the risk factors, comorbidities, and outcomes in patients intracerebral hemorrhage
and COVID-19 and those without COVID-19.

Methods: We analyzed the data from the Cerner deidentified COVID-19 data set derived from 62 health care facili-
ties. The data set included patients with an emergency department or inpatient encounter with discharge diagnoses
codes that could be associated with suspicion of or exposure to COVID-19 or confirmed COVID-19.

Results: There were a total of 154 (0.2%) and 667 (0.3%) patients with intracerebral hemorrhage among 85,645
patients with COVID-19 and 197,073 patients without COVID-19, respectively. In the multivariate model, there was

a lower risk of intracerebral hemorrhage in patients with COVID-19 (odds ratio 0.5; 95% confidence interval 0.5-0.6;

p <.0001) after adjustment for sex, age strata, race/ethnicity, hypertension, diabetes mellitus, nicotine dependence/
tobacco use, hyperlipidemia, atrial fibrillation, congestive heart failure, long-term anticoagulant use, and alcohol
abuse. The proportions of patients who developed pneumonia (58.4% versus 22.5%; p <.0001), acute kidney injury
(48.7% versus 31.0%; p <.0001), acute myocardial infarction (11% versus 6.4%; p = .048), sepsis (41.6% versus 22.5%;
p<.0001), and respiratory failure (61.7% versus 42.3%; p <.0001) were significantly higher among patients with intrac-
erebral hemorrhage and COVID-19 compared with those without COVID-19. The in-hospital mortality among patients
with intracerebral hemorrhage and COVID-19 was significantly higher compared with that among those without
COVID-19 (40.3% versus 19.0%; p <.0001).

Conclusions: Our analysis does not suggest that rates of intracerebral hemorrhage are higher in patients with
COVID-19.The higher mortality in patients with intracerebral hemorrhage and COVID-19 compared with those with-
out COVID-19 is likely mediated by higher frequency of comorbidities and adverse in-hospital events.
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Introduction
Cerebrovascular events are being increasingly recognized
in patients with coronavirus disease 2019 (COVID-19)
: [1-3]. Anecdotal reports and small series have identified
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nine cohort studies (n=13,741 patients with COVID-
19). Although previous studies have evaluated the risk
of ischemic stroke [8, 9], no study has evaluated the risk
of intracerebral hemorrhage in patients with COVID-19.
The CHEST Guideline and Expert Panel Report high-
lighted the need to quantify the risk of intracerebral hem-
orrhage in patients with COVID-19 because of increasing
requirement of anticoagulation [10]. One of the chal-
lenges in evaluating a possible association is the low inci-
dence of intracerebral hemorrhage, thus requiring a large
cohort of patients with COVID-19 for adequate analysis.
We performed this study to identify risk factors, comor-
bidities, treatment strategies, and outcomes in patients
with intracerebral hemorrhage derived from a large
cohort of patients with COVID-19.

Methods
We analyzed the data from the Cerner deidentified
COVID-19 data set, a subset of Cerner Real-World Data
[11-13]. The methodological aspects of the data set have
been previously reported [13, 14]. We used the Cerner
Real-World Data-COVID-2020Q3 version, which is
based on electronic medical encounters between Decem-
ber 1, 2019, and November 13, 2020, from 62 acute care
hospitals in the United States that have a data use agree-
ment with Cerner Corporation.

The COVID-19 deidentified data set includes data for
patients who qualified for inclusion on the basis of the
following criteria:

1. Patient has a minimum of one emergency depart-
ment or inpatient encounter with a diagnosis code
(detailed list of 86 codes provided in previous pub-
lication [14] and in Supplemental Table 1) that could
be associated with COVID-19 exposure or infection

2. Patient has a minimum of one emergency depart-
ment or inpatient encounter with a positive labora-
tory test result for COVID-19

The data set includes both patients in whom COVID-
19 was confirmed and those in whom the diagnosis was
excluded, thereby, providing a control group for compar-
ative analysis.

Patients with a positive laboratory test for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) were
identified on the basis of Logical Observation Identifiers,
Names, and Codes 41458-1, 94309-2, 94500-6, 94533-7,
94534-5, and 94646-7. These codes denote detection of
SARS-CoV-2 RNA in respiratory (nasopharyngeal swabs,
bronchoalveolar lavage, sputum) and other specimens
or detection of the SARS-CoV-2N gene or RdRp gene in
respiratory secretions by nucleic acid amplification with
probe detection. Our analysis included only patients

with prior medical history to ensure completeness of the
records of potential comorbidities. Patients with prior
medical history constituted approximately 76% of the
total cohort of 490,373 patients.

Patients admitted with intracerebral hemorrhage were
identified by International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) pri-
mary diagnosis code 161. We did not use ICD-10 code
162.9, which includes hemorrhagic transformation of
ischemic stroke, in our analysis. There were 264 patients
in our data set with ICD-10 code 162.9; however, all
patients had a concurrent diagnosis of ischemic stroke.
Other cardiovascular diseases were identified by using
the ICD-10-CM codes as follows: hypertension (I10,
010.0, 010.9, 116, and 167.4), diabetes mellitus (EOS8),
nicotine dependence (F17), alcohol use/abuse (F10),
hyperlipidemia (E78), atrial fibrillation (I48), long-term
anticoagulant use (279.01), and congestive heart failure
(109.81, 111.0, and I50).

The ICD-10-CM secondary diagnosis codes were used
to identify those with new in-hospital events during
acute hospitalization, such as ischemic stroke (includ-
ing cerebral ischemia) (163, 165, 166, 167.81, 167.82, and
167.89), cerebral edema (G93.5 and G93.6), acute kidney
injury (N17), hepatic failure (K72), cardiac arrest (146),
respiratory failure (J96), pneumonia (J12-J18), urinary
tract infection (N30.0, N30.9, N34.1, N34.2, and N39.0),
transient cerebral ischemic attacks (G45), sepsis (includ-
ing septic shock) (A41 and R65.21), deep venous throm-
bosis (I82), pulmonary embolism (I26), subarachnoid
hemorrhage (160), and acute myocardial infarction (I21).
The procedures were identified by the ICD-10 Procedure
Coding System as follows: intubation and mechanical
ventilation (0BH17EZ and Z9911 or current procedural
terminology codes 31500, 94656, and 94657 for intuba-
tion or 94002-94005 for mechanical ventilation), surgi-
cal evaluation (current procedural terminology codes
61313 and 61315), ventriculostomy (009600Z, 00960ZX,
00960ZZ, 009630Z, 00963ZX, 00963ZZ, 009640Z,
009647ZX, and 00964ZZ), intraventricular catheter
placement (009630Z), intracranial pressure monitoring
(4A003BD, 4A007BD, 4A008BD, 4A103BD, 4A107BD,
and 4A108BD), and tracheostomy (0B113F4 and
0B110F4).

The outcome was based on discharge destination and
categorized as home or nonroutine discharge (discharge
to short-term hospital or other facility, including inter-
mediate care and skilled nursing home), as previously
used [13]. Previous studies [15, 16] have validated the use
of discharge to home as a reliable surrogate for no disa-
bility to mild disability and nonroutine discharge, exclud-
ing death, for moderate to severe disability at 3 months
post stroke [15, 16].
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We performed this analysis to identify any significant
differences in demographic and clinical characteristics,
in-hospital events, and outcomes between patients with
intracerebral hemorrhage with and without COVID-
19, as well as patients with COVID-19 with and without
intracerebral hemorrhage. We compared patients’ age,
sex, race/ethnicity, cardiovascular risk factors, length
of stay, medical complications, procedures performed,
and discharge status (categorized as nonroutine dis-
charge or in-hospital death) for patients with intracer-
ebral hemorrhage in strata based on presence or absence
of COVID-19. We also analyzed the data from patients
with COVID-19 to identify differences in the above-
mentioned variables between patients with and without
intracerebral hemorrhage. We used the y test for cate-
gorical data and the two-sample ¢ test for continuous data
to detect any significant differences in variables between
the above-mentioned groups. Any p values less than 0.05
were considered significant.

We performed logistic regression analysis including
all patients in the data set (patients with and without
COVID-19) to identify the association between COVID-
19 and intracerebral hemorrhage. We adjusted for known
risk factors for intracerebral hemorrhage, including
age (age strata<35, 35-54, 55-70, and>70 years), sex,
race/ethnicity, hypertension, diabetes mellitus, nicotine
dependence/tobacco use, hyperlipidemia, atrial fibril-
lation and congestive heart failure, long-term antico-
agulant use, and alcohol use/abuse. All the analyses were
done by using R (version 3.6.1).

Results

A total of 154 (0.2%) patients developed intracerebral
hemorrhage among 85,645 patients with COVID-19, and
667 (0.3%) patients developed intracerebral hemorrhage
among 197,073 patents without COVID-19.

Comparison Between Patients with Intracerebral
Hemorrhage with and Without COVID-19

The mean age (+£SD) of patients with intracerebral
hemorrhage and COVID-19 was similar compared
with that of those without COVID-19 (62.1+17.2 ver-
sus 65.0+17.6; p=0.0646). The proportions of women
(33.1% versus 45.3%; p=0.006), and White patients
(25.3% versus 54.3%; p<0.0001) were lower, and the
proportions of African American (20.8% versus 13.2%;
p=0.0163) and Hispanic patients (34.4% versus 21.6%;
p=0.0008) were higher among patients with intrac-
erebral hemorrhage and COVID-19 compared with
those without COVID-19 (see Table 1). The propor-
tion of patients with alcohol use/abuse was lower (8.4%
versus 14.7%; p=0.0409) among patients with intrac-
erebral hemorrhage and COVID-19 compared with

those without COVID-19. There was no difference in
the proportion of patients on long-term anticoagulation
between patients with intracerebral hemorrhage with and
without COVID-19 (27.9% versus 24.3%), but the propor-
tion was significantly higher compared with patients with
COVID-19 without intracerebral hemorrhage (27.9% ver-
sus 9.8%).

The proportions of patients who developed pneumo-
nia, acute kidney injury, acute myocardial infarction, sep-
sis (including septic shock), and respiratory failure were
significantly higher among patients with intracerebral
hemorrhage and COVID-19 compared with those with-
out COVID-19. The in-hospital mortality among patients
with intracerebral hemorrhage and COVID-19 was sig-
nificantly higher compared with those without COVID-
19 (40.3% versus 19%; p <0.0001). The rate of nonroutine
discharge or in-hospital death was not different between
patients with intracerebral hemorrhage and COVID-19
compared with those without COVID-19 (83.8% versus
78.3%; p=0.13) (see Table 1).

Results of Multivariate Analysis

In the multivariate model, there was a lower risk of
intracerebral hemorrhage in patients with COVID-
19 (odds ratio [OR] 0.5; 95% confidence interval [CI]
0.5-0.6; p<0.0001) after adjustment for sex, age strata,
race/ethnicity, hypertension, diabetes mellitus, nicotine
dependence/tobacco use, hyperlipidemia, atrial fibrilla-
tion, long-term anticoagulant use, alcohol use/abuse and
congestive heart failure. Other risk factors independently
associated with intracerebral hemorrhage were men (OR
1.45 95% CI 1.2-1.7; p<0.0001), age 35—54 years (OR 1.9;
95% CI 1.4-2.7; p<0.0001), age 55—70 years (OR 2.9; 95%
CI 2.1-4.0; p<0.0001), age older than 70 years (OR 3.2;
95% CI 2.3-4.5; p<0.0001), Hispanic ethnicity (OR 1.2;
95% CI 1.0-1.4; p=0.04), hypertension (OR 3.0; 95% CI
2.4-3.7; p<0.0001), alcohol use/abuse (OR 1.5; 95% CI
1.2-1.9; p=0.0002), and atrial fibrillation (OR 1.9; 95%
CI 1.6-2.3; p<0.0001).

Comparison Between Patients with COVID-19 with and
Without Intracerebral Hemorrhage

The mean age (£SD) of patients with COVID-19 and
intracerebral hemorrhage was higher compared with that
of those without intracerebral hemorrhage (62.1+£17.2
versus 49.74+21.3; p<0.0001) (see Table 1). The pro-
portions of patients who had histories of hypertension,
diabetes mellitus, hyperlipidemia, atrial fibrillation, con-
gestive heart failure, long-term anticoagulant use, or pre-
vious intracerebral hemorrhage were significantly higher
among patients with COVID-19 and intracerebral hem-
orrhage. During the COVID-19 admissions, ischemic
stroke, subarachnoid hemorrhage, transient cerebral
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Table 1 Demographic and clinical characteristics and outcome of patients according to COVID-19 status and occurrence
of intracerebral hemorrhage

Patients with intracerebral Patients with intracerebral  pvalue® Patients with COVID-19 p value®
hemorrhage and COVID-19  hemorrhage but without but without intracerebral

(n=154) COVID-19 (n=667) hemorrhage (n=85,491)

Mean £ SD (year) 62.1£172 650+17.6 0646 49.7£213 <.0001
Age<35 12 (7.8%) 46 (6.9%) 6958 24,938 (29.2%) <.0001
Age 35-54 28 (18.2%) 111 (16.6%) 6460 23,177 (27.1%) 0127
Age 55-70 65 (42.2%) 216 (32.4%) 0206 20,387 (23.8%) <.0001
Age>70 49 (31.8%) 294 (44.1%) 0054 16,989 (19.9%) 0002
e ___________________
Men 103 (66.9%) 365 (54.7%) .0060 38,594 (45.1%) <.0001
Women 51(33.1%) 302 (45.3%) .0060 46,521 (54.4%) <.0001
White, non-Hispanic 39 (25.3%) 362 (54.3%) <.0001 26,585 (31.1%) 1221
African American 32 (20.8%) 88 (13.2%) 0163 16,331 (19.1%) 5970
Hispanic 53 (34.4%) 144 (21.6%) .0008 33,751 (39.5%) 1990
Others 30 (19.5%) 73 (10.9%) 0039 8,824 (10.3%) .0002

Hospitalization duration 19+£18 14+£16 .0007 10£12 <.0001
(mean £ SD)
Ischemic stroke (including 55 (35.7%) 232 (34.8%) 8270 1,286 (1.5%) <.0001
cerebral ischemia)
Subarachnoid hemorrhage 18 (11.7%) 87 (13%) 6499 54 (0.1%) <.0001
Transient cerebral ischemic 2 (1.3%) 4 (0.6%) 3586 177 (0.2%) .0030
attacks
Cerebral edema 55 (35.7%) 266 (39.9%) 3396 147 (0.2%) <.0001
Pneumonia 90 (58.4%) 150 (22.5%) <.0001 31,987 (37.4%) <.0001
Deep venous thrombosis 15 (9.7%) 42 (6.3%) 1297 1,363 (1.6%) <.0001
Pulmonary embolism 3(1.9%) 13 (1.9%) 9994 1,194 (1.4%) 5603
Urinary tract infection 25(16.2%) 136 (20.4%) 2417 6309 (7.4%) <.0001
Acute kidney injury 75 (48.7%) 207 (31%) <.0001 12,245 (14.3%) <.0001
Hepatic failure 11(7.1%) 30 (4.5%) 1744 862 (1%) <.0001
Cardiac arrest 8 (5.2%) 33 (4.9%) 8990 1417 (1.7%) .0006
Acute myocardial infarction 17 (11%) 43 (6.4%) 0484 2045 (2.4%) <.0001
Sepsis, including septic shock 64 (41.6%) 150 (22.5%) <.0001 11,827 (13.8%) <.0001
Respiratory failure 95 (61.7%) 282 (42.3%) <.0001 21,507 (25.2%) <.0001
Received intubation/ 46 (29.9%) 138 (20.7%) 0138 3690 (4.3%) <.0001
mechanical ventilation®”
Received ventriculostomy 6 (3.9%) 52 (7.8%) 0887 11 (0%) <.0001
Received intraventricular 5(3.2%) 42 (6.3%) 1420 8 (0%) <.0001

catheter
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Table 1 (continued)

Patients with intracerebral
hemorrhage and COVID-19

(n=154)

Patients with intracerebral
hemorrhage but without
COVID-19 (n=667)

Patients with COVID-19
but without intracerebral
hemorrhage (n=85,491)

Received intracranial pressure 1 (0.6%) 6 (0.9%)
monitoring
Received tracheostomy 6 (3.9%) 44 (6.6%)
Outcome
Nonroutine discharge or in- 129 (83.8%) 522 (78.3%)
hospital death
In-hospital death 62 (40.3%) 127 (19%)

.7608 1 (0%) <.0001
.2065 420 (0.5%) <.0001
1286 22,048 (25.8%) <.0001
<.0001 5,799 (6.8%) <.0001

COVID-19 coronavirus disease 2019, SD standard deviation

@ Comparison between patients with intracerebral hemorrhage and COVID-19 and those without COVID-19

b Comparison between patients with COVID-19 with intracerebral hemorrhage and those without intracerebral hemorrhage

ischemic attacks, pneumonia, deep venous thrombo-
sis, urinary tract infection, acute kidney injury, hepatic
failure, cardiac arrest, acute myocardial infarction, sep-
sis (including septic shock), and respiratory failure were
more frequent in patients with COVID-19 and intracer-
ebral hemorrhage.

The in-hospital mortality among patients with COVID-
19 and intracerebral hemorrhage was significantly higher
compared with that among patients with COVID-19
without intracerebral hemorrhage (40.3% versus 6.8%;
p<0.0001). There was a significantly higher rate of non-
routine discharge or in-hospital death among patients
with COVID-19 and intracerebral hemorrhage compared
with those without intracerebral hemorrhage (83.8% ver-
sus 25.8%; p <0.0001) (see Table 1).

Discussion

Incidence of Intracerebral Hemorrhage in Patients

with COVID-19

In our study, intracerebral hemorrhage occurred in 154
(0.2%) patients among 85,645 patients with COVID-19.
Kvernland et al. [7] reported that hemorrhagic stroke
(both nontraumatic intracerebral hemorrhage and spon-
taneous nonaneurysmal subarachnoid hemorrhage)
occurred in 19 (0.5%) patients among 4071 patients with
COVID-19 admitted within a large hospital system in
New York. Melmed et al. [4] reported that intracerebral
hemorrhage occurred in 35 (0.01%) patients among 3824
patients with COVID-19 admitted within another large
hospital system in New York. In another study from Rus-
sia, Pavlov et al. [17] reported that intracerebral hem-
orrhage occurred in 3 (0.25%) patients among 1,200
patients with COVID-19. The pooled incidence of intrac-
erebral hemorrhage in patients with COVID-19 was 0.7%
(95% CI 0.5-0.9) in a review of 23 studies [18]. In our
study, intracerebral hemorrhage occurred in 667 (0.3%)
patients among 197,073 patents without COVID-19,

which was higher than the occurrence rate in patients
with COVID-19, suggesting no increase in risk among
patients with COVID-19.

Effect of COVID-19 on Outcomes for Patients

with Intracerebral Hemorrhage

We observed a relatively high in-hospital mortality rate
of 40.3% among patients with intracerebral hemorrhage
and COVID-19, which was twofold greater than the mor-
tality rate (19%) observed in patients without COVID-
19. Kvernland et al. [7] reported an in-hospital mortality
rate of 84.6% among patients with COVID-19 and hem-
orrhagic stroke. Melmed et al. [4] reported that 52% of
patients either died or were transitioned to hospice care
among patients with COVID-19 and intracerebral hem-
orrhage. The average mortality rate was 48.6% among
148 patients with COVID-19 and intracerebral hemor-
rhage in a systematic review of 23 studies [18]. Only a
small proportion of patients were discharged home in
our study, suggesting that disability rates were also high
among survivors of COVID-19 and intracerebral hemor-
rhage. Part of this higher mortality may be attributed to
high rates of pneumonia, acute kidney injury, acute myo-
cardial infarction, sepsis (including septic shock), and
respiratory failure seen in patients with COVID-19 and
intracerebral hemorrhage.

Implications for Practice

The high rates of multiorgan dysfunction manifest-
ing as pneumonia, acute kidney injury, acute myocar-
dial infarction, sepsis, and respiratory failure in patients
with COVID-19 and intracerebral hemorrhage has three
implications: (1) the treatment of neurological aspects
of intracerebral hemorrhage alone may not be enough
to reduce death or disability; (2) therapeutic strategies
[19, 20] may have to expanded to include more measures
toward identifying and addressing multiorgan failure; and
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(3) quantitating multiorgan dysfunction using scales such
as the Sequential Organ Failure Assessment should be
incorporated with scales such as the intracerebral hemor-
rhage score as part of clinical assessment [21]. We did not
observe an increased risk of intracerebral hemorrhage
among patients with COVID-19. The proportion with
intracerebral hemorrhage presumably related to long-
term anticoagulation was similar between patients with
intracerebral hemorrhage with and without COVID-19
in our study. Previous studies have suggested that antico-
agulation-related intracerebral hemorrhages are relatively
common in patients with COVID-19 [4, 7]. The absence
of any excess risk due to COVID-19 beyond what is
expected with anticoagulation may be reassuring because
of the necessity of anticoagulation in patients with
COVID-19 for both prevention and treatment of venous
thromboembolism [10, 22]. Approximately 40-69% of
patients with COVID-19 develop venous thromboembo-
lism and will require anticoagulation [23, 24].

Limitations

Certain aspects of the analysis may need to be considered
prior to interpretation of results. The analysis depends
on the accuracy of diagnosis and procedures listed in the
data collection system. The sensitivity (100%), specific-
ity (98%) [25], and positive predictive value (96%) [26,
27] of ICD-10 diagnosis code 161 for identifying intrac-
erebral hemorrhage are high. We acknowledge that
the ICD-10 code used may include microhemorrhages
depending on the interpretation of coding personnel,
although this is unlikely to be used as primary diagnosis.
Because of inherent limitations of the Cerner deidentified
COVID-19 data set, we could not analyze differences in
severity of neurological deficits (Glasgow Coma Scale)
or hematoma volume and presence or absence of intra-
ventricular hemorrhage. Therefore, we cannot definitely
identify the underlying reasons for observed differences
in outcomes between patients with intracerebral hem-
orrhage and COVID-19 and those without COVID-19.
The patients with intracerebral hemorrhage without
COVID-19 in the data set were those who were screened
for COVID-19 because of either history of exposure or
respiratory symptoms and may have other respiratory
tract infections or even undetected COVID-19 depend-
ing on the thoroughness of screening [28—30] and may
not be completely reflective of patients with intracere-
bral hemorrhage in the general population [13]. We used
the destination of discharge as a surrogate for discharge
functional outcome, similar to previous studies using
Nationwide Inpatient Sample data [15, 31]. The discharge
destination home has a high negative predictive value
for identifying patients with a modified Rankin score of
2—6 at 3 months [16]. However, there are limitations to

using discharge destination as a surrogate for functional
outcome. Certain patients who were discharged home
under hospice care may have severe disability. Some
patients who were discharged to intermediate care may
have recovered enough to be categorized as having mild
disability and residing at home by 3 months.

Conclusions

Intracerebral hemorrhage was infrequent, and the risk
was not increased in patients with COVID-19. The risk of
death was increased in patients with intracerebral hem-
orrhage and COVID-19 compared with patients with
intracerebral hemorrhage without COVID-19, and the
risk of nonroutine discharge or in-hospital death was
increased compared with patients with COVID-19 but
without intracerebral hemorrhage. Part of the increased
risk was likely mediated through higher frequencies of
systemic comorbidities in these patients.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1007/512028-021-01297-y.

Author details

! Zeenat Qureshi Stroke Insititutes and Department of Neurology, University
of Missouri, One Hospital Dr. CE507, Columbia, MO, USA. ? Institute for Data
Science and Informatics, University of Missouri, Columbia, MO, USA. > Tiger
Institute for Health Innovation, Cerner Corporation, Columbia, MO, USA.

4 Department of Medicine, University of Missouri, Columbia, MO, USA. > Divi-
sion of Neurosurgery, University of Missouri, Columbia, MO, USA. 6 Depart-
ment of Electrical Engineering and Computer Science, University of Missouri,
Columbia, MO, USA.

Author contributions

All authors are responsible for (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2) drafting
the article or revising it critically for important intellectual content; and (3) final
approval of the version to be published.

Source of support
This work was supported by the National Institutes of Health (5T32LM012410;
to WIB).

Conflicts of Interest
The authors declare that they have no conflicts of interest.

Ethical approval/informed consent
The study complied with ethics standards, and institutional approval was
obtained.

Received: 26 February 2021 Accepted: 10 June 2021
Published online: 6 July 2021

References

1. Klok FA, Kruip M, van der Meer NJM, et al. Confirmation of the high cumu-
lative incidence of thrombotic complications in critically ill ICU patients
with COVID-19: an updated analysis. Thromb Res. 2020;191:148-50.

2. Mao L, Jin H,Wang M, et al. Neurologic manifestations of hospitalized
patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurol.
2020;77(6):683-90.


https://doi.org/10.1007/s12028-021-01297-y
https://doi.org/10.1007/s12028-021-01297-y

265

Markus HS, Brainin M. COVID-19 and stroke-a global World Stroke Organi-
zation perspective. Int J Stroke. 2020;15(4):361-4.

Melmed KR, Cao M, Dogra S, et al. Risk factors for intracerebral
hemorrhage in patients with COVID-19. J Thromb Thrombolysis.
2021;51(4):953-60.

Dogra S, Jain R, Cao M, et al. Hemorrhagic stroke and anticoagulation in
COVID-19. J Stroke Cerebrovasc Dis. 2020;29(8):104984.

Jain R, Young M, Dogra S, et al. COVID-19 related neuroimaging findings:
a signal of thromboembolic complications and a strong prognostic
marker of poor patient outcome. J Neurol Sci. 2020;414:116923.
Kvernland A, Kumar A, Yaghi S, et al. Anticoagulation use and hemor-
rhagic stroke in SARS-CoV-2 patients treated at a New York healthcare
system. Neurocrit Care. 2021;34(3):748-59.

Merkler AE, Parikh NS, Mir S, et al. Risk of ischemic stroke in patients with
coronavirus disease 2019 (COVID-19) vs patients with influenza. JAMA
Neurol. 2020;77(11):1-7.

Qureshi Al, Abd-Allah F, Al-Senani F, et al. Management of acute ischemic
stroke in patients with COVID-19 infection: report of an international
panel. Int J Stroke. 2020;15(5):540-54.

Moores LK, Tritschler T, Brosnahan S, et al. Prevention, diagnosis, and treat-
ment of VTE in patients with coronavirus disease 2019: CHEST guideline
and expert panel report. Chest. 2020;158(3):1143-63.

. Laird-Maddox M, Mitchell SB, Hoffman M. Integrating research data

capture into the electronic health record workflow: real-world experience
to advance innovation. Perspect Health Inf Manag. 2014;11:Te.

Cerner Corporation. Cerner provides access to de-identified patient data
for COVID-19 research and vaccine development. 2020. https://www.
cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-
data-for-covid-19-research-and-vaccine-development.

Qureshi Al, Baskett WI, Huang W, et al. Acute ischemic stroke and COVID-
19: an analysis of 27 676 patients. Stroke. 2021;52(3):905-12.

Qureshi Al, Baskett WI, Huang W, et al. Facilitating the study of relation-
ships between COVID-19 and cardiovascular health outcomes using
Cerner Real-World COVID-19 deidentified dataset. Health Care Res J.
2020;1:17-28.

Qureshi Al, Chaudhry SA, Hassan AE, et al. Thrombolytic treatment of
patients with acute ischemic stroke related to underlying arterial dissec-
tion in the United States. Arch Neurol. 2011;68(12):1536-42.

Qureshi Al, Chaudhry SA, Sapkota BL, Rodriguez GJ, Suri MF. Discharge
destination as a surrogate for Modified Rankin Scale defined outcomes
at 3- and 12-months poststroke among stroke survivors. Arch Phys Med
Rehabil. 2012,93(8):1408-13.e1.

PavlovV, Beylerli O, Gareev |, et al. COVID-19-related intracerebral hemor-
rhage. Front Aging Neurosci. 2020;12:600172.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Cheruiyot |, Sehmi P, Ominde B, et al. Intracranial hemorrhage in corona-
virus disease 2019 (COVID-19) patients. Neurol Sci. 2021;42(1):25-33.
Hemphill JC 3rd, Adeoye OM, Alexander DN, et al. Clinical performance
measures for adults hospitalized with intracerebral hemorrhage: perfor-
mance measures for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2018:49(7):e243-61.
Qureshi Al. Intracerebral hemorrhage specific intensity of care quality
metrics. Neurocrit Care. 2011;14(2):291-317.

Hemphill JC 3rd, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The
ICH score: a simple, reliable grading scale for intracerebral hemorrhage.
Stroke. 2001;32(4):891-7.

Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in patients
with severe SARS-CoV-2 infection: a multicenter prospective cohort
study. Intensive Care Med. 2020;46(6):1089-98.

Fraisse M, Logre E, Pajot O, Mentec H, Plantefeve G, Contou D. Throm-
botic and hemorrhagic events in critically ill COVID-19 patients: a French
monocenter retrospective study. Crit Care. 2020;24(1):275.

Llitjos J-F, Leclerc M, Chochois C, et al. High incidence of venous throm-
boembolic events in anticoagulated severe COVID-19 patients. J Thromb
Haemost. 2020;18(7):1743-6.

Joos C, Lawrence K, Jones AE, Johnson SA, Witt DM. Accuracy of ICD-10
codes for identifying hospitalizations for acute anticoagulation therapy-
related bleeding events. Thromb Res. 2019;181:71-6.

Kirkman MA, Mahattanakul W, Gregson BA, Mendelow AD. The accuracy
of hospital discharge coding for hemorrhagic stroke. Acta Neurol Belg.
2009;109(2):114-9.

Oie LR, Madsbu MA, Giannadakis C, et al. Validation of intracranial hemor-
rhage in the Norwegian Patient Registry. Brain Behav. 2018;8(2):e00900.
Chan JF, Yip CC, To KK, et al. Improved molecular diagnosis of COVID-19
by the novel, highly sensitive and specific COVID-19-RdRp/Hel real-time
reverse transcription-PCR assay validated in vitro and with clinical speci-
mens. J Clin Microbiol. 2020;58(5):e00310-e320.

Konrad R, Eberle U, Dangel A, et al. Rapid establishment of laboratory
diagnostics for the novel coronavirus SARS-CoV-2 in Bavaria, Germany,
February 2020. Euro Surveill. 2020;25(9):2000173.

Wang W, Xu'Y, Gao R, et al. Detection of SARS-CoV-2 in different types of
clinical specimens. JAMA. 2020;323(18):1843-4.

Hassan AE, Chaudhry SA, Grigoryan M, Tekle WG, Qureshi Al. National
trends in utilization and outcomes of endovascular treatment of acute
ischemic stroke patients in the mechanical thrombectomy era. Stroke.
2012;43(11):3012-7.


https://www.cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-data-for-covid-19-research-and-vaccine-development
https://www.cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-data-for-covid-19-research-and-vaccine-development
https://www.cerner.com/newsroom/cerner-provides-access-to-de-identified-patient-data-for-covid-19-research-and-vaccine-development

	Intracerebral Hemorrhage and Coronavirus Disease 2019 in a Cohort of 282,718 Hospitalized Patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Comparison Between Patients with Intracerebral Hemorrhage with and Without COVID-19
	Results of Multivariate Analysis
	Comparison Between Patients with COVID-19 with and Without Intracerebral Hemorrhage

	Discussion
	Incidence of Intracerebral Hemorrhage in Patients with COVID-19
	Effect of COVID-19 on Outcomes for Patients with Intracerebral Hemorrhage
	Implications for Practice
	Limitations

	Conclusions
	References




